Background Little is known about the association between weight changes and adverse health outcomes among Chinese adults. Conclusion Weight gain during adulthood was associated with increased risks of high triglycerides, hypertension, impaired fasting glucose and risk of reduced HDL cholesterol in men. Furthermore, weight gain was a predictor of high-risk triglycerides, hypertension and elevated LDL cholesterol in women.
Introduction
Chronic non-communicable diseases are major public health problem and the leading causes of premature death and disability in China.
1,2 A number of risk factors are associated with cardiovascular diseases (CVD), like hypertension, diabetes, hypercholesterolemia and overweight/obesity. The recent epidemiological studies found that the prevalence of hypertension, diabetes, hypercholesterolemia and overweight/obesity among Chinese adults were 33.5, 5.7, 5.6 and 32.3%, respectively. [3] [4] [5] [6] Over the past 3 decades, due to economic development, China has experienced a rapid nutrition transition from under-nutrition to over-nutrition, which leads to increased body weight. 7, 8 A recent survey conducted among middle-aged Chinese population experiencing nutrition transition found that the prevalence of hypertension, diabetes, dyslipidemia and overweight/obesity were 39.9, 18.7, 62.6 and 32.6%, respectively. 9 High prevalence of cardiovascular risk factors reported in middle-aged Chinese population may be explained by higher weight gain during adulthood.
Numerous studies have confirmed that obesity is associated with multiple cardiovascular risk factors. 10, 11 However, the impact of weight changes during adulthood on chronic diseases are not clear. Previous studies reported a U-shaped relationship between weight changes and cardiovascular risk factors. [12] [13] [14] It was reported that persons who were overweight or obese during childhood and were still overweight or obese as adults had increased risk of CVD. 15, 16 However, to our knowledge, little is known about the association of weight changes with cardiovascular risk factors in Chinese population.
In this study, we aimed to investigate the association between body weight changes since age 20 and cardiovascular risk factors among Chinese adults, 45-60 years of age, with a particular emphasis on gender differences.
Methods

Study participants
This cross-sectional study was carried out in Hefei City, the capital of Anhui Province in the east of China from December 2011 to June 2012. Hefei City is composed of four areas (Yaohai, Shushan, Baohe and Luyang) and four counties (Feixi, Feidong, Changfeng and Lujiang). We selected two residential communities/villages from each county/area randomly. According to residents' health records, all people aged 45-60 years, living in the selected communities/villages, were included in the current study. A total of 1776 persons aged 45-60 years were invited to the Medical Center, Anhui Province Hospital of Armed Police Forces for Physical Examination.
Participants were interviewed face-to-face by trained interviewers using a structured questionnaire. Data on the current weight and height, weight at age 20, lifestyle and medical history were reported in the same questionnaire. It is well known that most Chinese undergoes physical examination at about the age of 20 years either before admitted to college, joining the military or starting their jobs. During data collection period, interviewers helped the participants to recall their body weight reported during physical examination at the age of 20. After excluding participants with missing information for weight at age 20 (n = 61), a total of 1715 participants (1013 males and 702 females) with a mean (±SD) age of 51.0 ± 4.7 years were included in the study. Approval to conduct this study was granted by institutional review and ethics committee of Anhui Medical University, and written informed consents were obtained from all study participants.
Anthropometric and physical activity measurements
Body height was measured to the nearest 0.1 cm with participants standing without shoes. Body weight of the participants in light clothes was measured to the nearest 0.1 kg. Body mass index (BMI) at age 20 (kg/m 2 ) was calculated as weight at age 20 (kg) divided by the square of the current height (m), BMI at study entry (kg/m 2 ) was calculated as current weight (kg) divided by the square of the current height (m). Waist circumference (WC) was measured using an inelastic measuring tape midway between the lowest rib and the superior border of the iliac crest at the end of normal expiration to the nearest 1 mm. 17 Hip circumstance was measured at the maximum level in light clothes by using an inelastic plastic tape. 18 The waist-to-hip ratio (WHR) was calculated as waist circumference (cm) divided by hip circumference (cm). Referring to the physical activity assessment methods in the United States, 19 the physical activity levels for each participant were measured as metabolic equivalent in hours per week (MET-h/week) in which different MET levels were assigned to different intensities of physical activities.
Clinical and laboratory examination
Blood samples were collected between 7:00 and 9:00 a.m. after least 12 h fasting overnight, and allowed to clot at room temperature for 1-3 h. Serum was separated by centrifugation at 3000 rpm for 15 min. The blood samples were analyzed in the Medical Center for Physical Examination, Anhui Province Hospital of Armed Police Forces for fasting plasma glucose, total cholesterol, serum triglycerides, LDL and HDL cholesterol, using the Hitachi 7180 auto-analyzer (Hitachi, Tokyo, Japan).
Blood pressure measurement
Study participants were asked to rest for 10 min before blood pressure measurement. Blood pressure was measured twice in a seated position by a trained nurse using a standard mercury sphygmomanometer, and the mean of two measurements was considered to be the participant's blood pressure.
Definition of other variables
Primary education was defined as education level of junior middle school or lower. Secondary education was defined as education level of high school or technical secondary school. Higher education was defined as education level of college or higher. Household income was defined as family monthly income per capita. The participants in the study were divided into four groups according to the weight changes since age 20: weight loss ≥5.0 kg (group 1), weight change ± 4.9 kg (group 2), weight gain 5.0-9.9 kg (group 3) and weight gain ≥10.0 kg (group 4). We chose group 2 (weight maintaining group) as the reference.
Definition of study outcomes BMI (kg/m 2 ) was categorized according to the World Health Organization classification for the Asian population: below 18.5 as underweight, 18.5-22.9 as normal, 23.0-24.9 as overweight and 25.0 and above as obese. 20 Central obesity was defined using WC ≥ 85 cm for men and WC ≥ 80 cm for women 21 Hypertension was defined as a systolic blood pressure ≥140 mmHg, or a diastolic blood pressure ≥90 mmHg, or based on information provided in the questionnaire, the use of medication for hypertension. 22 Participants were considered to have impaired fasting glucose if they had a fasting blood glucose level ranging from 6.1 to <7.0 mmol/L. 23 Participants SD, standard deviation; BMI, body mass index; METs, metabolic equivalents of energy.
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were classified as having dyslipidemia if they had a triglyceride level of 2.26 mmol/L or higher (high-risk triglycerides levels), or had a total cholesterol level of 6.22 mmol/L or higher(highrisk total cholesterol levels), or had a HDL cholesterol levels of 1.03 mmol/L or lower(high-risk HDL cholesterol levels), or had a LDL cholesterol level of 4.14 mmol/L or higher (highrisk LDL cholesterol levels). 24 
Statistical analysis
All statistical analyses were performed using SPSS16.0. Significance level was set at P < 0.05. Characteristics of participants in different weight change groups were described by frequency, percentage and mean ± standard deviation and compared using chi-square tests, one-way analyses of variance (ANOVA) or the Kruskal-Wallis test. A multivariable logistic regression model was used to estimate odds ratios (OR) and 95% confidence interval (CI) of high-risk outcomes for each weight change group using group 2 as reference group, adjusting for age, education level, smoking status, alcohol drinking, etc.
Results
The mean BMI at age 20 was 20.0 ± 2.2 kg/m 2 and was 24.6 ± 3.0 kg/m 2 (P < 0.001) at the study entry. The mean body weight of male participants was 57.9 ± 6.8 kg at age 20, and was 71.8 ± 9.6 kg at age 45-60 (P < 0.001). The mean body weight of female participants was 50.3 ± 6.3 kg at age 20, and was 60.1 ± 8.3 kg at age 45-60 (P < 0.001) ( Table 1 ). The percentage of participants with BMI < 23 kg/m 2 was dramatically decreased from 92% at age 20-29% at age 45-60 (Fig. 1) .
Results presented in Table 1 showed that the participants who lost weight 5.0 kg or more were more likely to be older, women, current smokers and drinkers, and to have a higher BMI at age 20. In contrast, the participants who gained weight 10.0 kg or more were more likely to be men, have lower education level and lower BMI at age 20. However, no statistically significant differences were observed between the groups regarding household income, sleep time and physical activity level.
In our study, the prevalence of hypertension, impaired fasting glucose, obesity, central obesity and dyslipidemia were 32.49, 17.77, 43.73, 61.87 and 36.90%, respectively. Table 2 showed that the mean level of systolic blood pressure, diastolic blood pressure, triglyceride and the prevalence of overweight/obesity, obesity, hypertension and high-risk triglycerides were higher (P < 0.03), while the mean level of HDL cholesterol was lower (P < 0.001) in the group 'weight gain ≥10.0 kg'. In addition, the mean level of LDL cholesterol and the prevalence of high-risk HDL cholesterol were higher (P < 0.01) in the group 'weight gain ≥10.0 kg' within male participants, and the mean level of fasting plasma glucose was significantly higher (P < 0.001) in the group 'weight gain ≥10.0 kg' within female participants.
After adjusting for age, education, smoking status and other confounding factors; male participants with BMI < 18.5 kg/m 2 at age 20 had lower risks of hypertension (OR = 0.62; 95% CI: 0.43-0.90) and high-risk HDL cholesterol levels (OR = 0.51; 95% CI: 0.31-0.85) than those with BMI of 18.5-22.9 kg/m 2 at age 20, and female participants with BMI < 18.5 kg/m 2 at age 20 had a lower risk of hypertension (OR = 0.56; 95% CI: 0.36-0.87) than those with BMI of 18.5-22.9 kg/m 2 at age 20 (Table 3) . Males with BMI > 23.0 kg/m 2 at age 20 had a higher risk of hypertension (OR = 1.75; 95% CI: 1.01-3.04) than those with BMI of 18.5-22.9 kg/m 2 at age 20 (Table 3) . Compared with men who maintained their weight (lost or gained <5.0 kg) since age 20 years, men who gained weight ≥10.0 kg' had significantly increased risks of hypertension (OR = 3.07, 95% CI: 1.98-4.76), impaired fasting glucose (OR = 1.74, 95% CI: 1.02-2.97), high-risk HDL cholesterol levels (OR = 2.77, 95% CI: 1.42-5.40) and high-risk triglycerides levels (OR = 5.72, 95% CI: 2.94-11.12), while men who gained weight 5.0-9.9 kg had an increased risk of highrisk triglycerides levels (OR = 2.54; 95%CI: 1.16-5.55) ( Table 4) . Compared with women who maintained their weight (lost or gained <5.0 kg) since age 20 years, women with 'weight gain ≥10.0 kg' had increased risks of hypertension (OR = 2.01, 95% CI: 1.18-3.42), high-risk LDL cholesterol levels (OR = 3.40, 95% CI: 1.18-9.82) and high-risk triglycerides levels (OR = 5.60, 95% CI: 1.59-19.61), while women with 'weight gain 5.0-9.9 kg' had increased risks of high-risk LDL cholesterol levels (OR = 3.74, 95% CI: Fig. 1 The frequency of participants in various BMI categories at age 20 and current age.
1.31-10.66) and high-risk triglycerides levels (OR = 3.97, 95% CI: 1.09-14.38) ( Table 4) .
Discussion
Main findings of this study
In the present study of middle-aged Chinese population, we found consistent gender-specific associations of weight changes since age 20 with subsequent cardiovascular risk factors. After adjusting for age, education level, BMI at age 20 and other confounding factors, weight gain since age 20 was significantly associated with increased risks of high-risk triglycerides and hypertension in both men and women. Weight gain ≥10 kg was a predictor of impaired fasting glucose and high-risk HDL cholesterol in men, but not in women. Furthermore, we found that weight gain during adulthood was associated with increased risk of high-risk LDL cholesterol in women, but not in men.
What is already known on this topic
Several epidemiological studies have investigated the associations between adult weight changes and one or more health Unexpectedly, other studies observed that even modest weight gain during adulthood may increase the risks of some chronic disease such as diabetes. 14, 25, 26 A previous study observed that obese adults, irrespective of their childhood BMI, had increased risks of hypertension and dyslipidemia than those who were overweight/obese in childhood but non-obese as adults. 15 In our study, we observed increased risks of cardiovascular risk factors among participants with more weight gain compared with those who maintained their weight, particularly for high-risk triglycerides and hypertension. In line with our findings, Markus Juonala et al. 15 reported that a decrease in adiposity from childhood to adulthood could significantly reduce the risks of hypertension, type 2 diabetes and dyslipidemia. A recent study also observed a lower risk of obesity-related diseases associated with a weight loss of 2.5 kg or more during adulthood compared with keeping a stable weight. 14 We, however, found no statistically significant correlation between weight loss during adulthood and cardiovascular risk factors. This may be due to the small sample size in the weight loss group.
The exact underlying mechanisms between weight gain and cardiovascular risk factors have well documented in previous studies. In the first place, simulated sympathetic activation caused by weight gain may play an important role in hypertension at all times, the elevated plasma insulin and plasma leptin levels caused by long-term weight gain are associated with elevated blood pressure. 27 Secondly, it is well known that catch-up fat during adulthood can lead to insulin resistance by diminished skeletal muscle mitochondrial mass and functional damage. 28 These mechanisms may also explain the relationship between rapid weight gain and insulin resistance. In addition, the increase in body weight during adulthood is primarily due to the accumulation of visceral fat. Moreover, it was previously observed that insulin resistance can be induced by adipocytes, and, thereby, free fatty acids release from adipose tissue and very-low-density lipoproteins (VLDL) production, resulting in an enhanced free fatty acid influx into the liver that trigger hyperlipidemia and VLDL-cholesterolemia. 29 However, the remaining uncertainty is whether weight loss is associated with an increased risk of CVD, and the effect of weight loss on cardiovascular risk factors. Regarding the associations of weight loss with cardiovascular risk factors, we hypothesized that weight loss during later adulthood could not completely reverse the excess risks of CVD among middle-aged population who were overweight or obese in early adulthood.
Our study highlighted that weight gain during adulthood is undesirable. It was previously reported that lower weight is beneficial in terms of lower risk of CVD and all-cause 30 Based on evaluation of about 7000 papers, the World Cancer and Research Fund (WCRF) and American Institute of Cancer Research (AICR) concluded that the industrial revolution and development of the Western diet were associated with increased height, weight as well as risk of chronic diseases. They also pointed out that CVD and other chronic diseases were rare until recently and recommended following a plant-based diet. 31 Increasing rates of overweight and obesity are tied to entire food system, including meat consumption which has increased rapidly over the last few decades. This trend has been most evident in the Western world but with improvements in economic conditions in China and India, these undesirable trends are rapidly hurting the health of people from these two countries. In India, e.g. heart disease and type 2 diabetes among young and middle-aged were reached to epidemic stage. 32 
What this study adds
Overweight/obesity during early adulthood and weight gain during adulthood are known to be associated with high risks of CVDs. Some epidemiological studies investigated overweight/obesity during early adulthood reported a positive association between early onset of overweight/obesity and risks of obesity, type 2 diabetes, hypertension and CVD, during middle and later adulthood. 11, 14, 15 However, our findings reported no statistically significant correlation between overweight/obesity at age 20 and cardiovascular risk factors after considering the effect of weight change during adulthood. The effect of overweight/obesity at age 20 on the risk of hypertension remained significant when adult weight change taken into account, this suggests that early adulthood obesity has a residual effect on the risk of hypertension.
Limitations of this study
First, the main limitation of the present study is its crosssectional nature. Body weight at age 20 was self-reported; this might have been increased recall bias. Interestingly, validation studies have shown that the accuracy of long-term recalled weight by elderly is reasonably correct. 33, 34 Therefore, the association between weight change and cardiovascular risk factors in our study would not be substantially distorted. Second, the interaction between various high-risk outcomes may have weakened the effect of weight change on these high-risk outcomes. Third, the sample size in the group of 'weight loss ≥5.0 kg' is too small, and thus could not illustrate the effect of weight loss on cardiovascular risk factors.
Conclusion
In conclusion, the results from present study demonstrate a clear positive association between weight gain during adulthood and cardiovascular risk factors among middle-aged Chinese population. The risk of CVD might be reduced by maintaining a stable weight during adulthood.
